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 Abstract  
 
We simulated spin polarized transport of electrons along III-V nanowires and two dimensional III-V 
channels using semi classical Monte Carlo method. Properties of spin relaxation length have been 
investigated in different III–V zinc-blende materials at various conditions, such as, temperature, external 
field etc. Spin dephasing in III-V channels is caused due to D’yakonov-Perel (DP) relaxation and due to 
Elliott-Yafet (EY) relaxation. Spin dephasing length in nanowire is found to be greater than that in 2-D 
channel. 
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Introduction  
Spintronics [1-5], which exploits both the property of electric charge and spin, is the emerging field in last 
few decades. Spintronics based devices require control of the spin polarization in the device channel. The 
spin field effect transistor (Spin-FET) developed by Datta and Das [6] which uses ferromagnetic material as 
the source and drain is an example of spintronics based devices. Devices using the spin related properties of 
semiconductors have been extensively investigated [6-11]. These devices combine storage, detection, logic 
and communication capabilities to produce a multifunctional device on a single chip which could replace 
several components. 
 
For improving these devices, many challenges have to be overcome which include finding better methods of 
polarizing a spin system controlling the duration for which the system is able to memorize its spin 
orientation and efficient detection of spin. These represent some of the fundamental issues associated with 
carrier’s spin apart from its charge related challenges. Based on them, we can narrow down to three main 
processes which form the basis of the functioning of any spintronics device, which are spin injection at the 
source, spin transport through the material and spin detection at the drain. In this paper, we focus on the 
study of spin transport [12]. Spin relaxation is a basic process in the study of spin transport. Spin dephasing 
length is an important property apart from spin dephasing time as shown in research [12, 13]. 
 
Rigorous theoretical and experimental studies have been done to study spin transport in semiconductors and 
metals. III-V semiconductor materials have a nice blend of remarkable properties like high carrier mobility 
and high saturation velocity and their band structures are well suited for optical applications and spintronics 
devices and this distinguishes them from other materials for research .Thus thorough research has been done 
to study their spin properties [14-17]. Spin transport in GaAs 1-D channel is studied at the liquid nitrogen 
temperature at different values of driving electric fields [18] which can be developed to design a gate 
controlled spin interferometer where the suppression of spin dephasing is a vital issue. 
 
In this paper we have studied the spin dephasing in 1D III-V nanowire and 2D III-V channels at various 
conditions like electric field and temperature .We have reported the simulation results for electric field in the 
range of 75V/cm- 2kV/cm and temperature in the range of 77K-323K for 1-D III-V channel and 2-D III-V 
channel and compared them. Various III-V materials for which study is done are InAs, GaSb, GaAs and 
GaP. 
  
Model  
 
A detailed explanation of the Monte Carlo method and spin transport model is given in the references [18-
22]. In this paper we consider the relevant features of the model. According to the co-ordinate system 
chosen, x is along the length of the device, y is along the width of the device and z is the along the thickness 
of the device. In the 2-D system the electrons are restricted in the z- direction, while in the 1-D system 
electrons are restricted in the y direction and the z direction. 
 
III-V compounds have bulk inversion asymmetry which causes Dresselhaus spin-orbit interaction [23].The 
transverse field acts as a foremost symmetry breaking electric field which breaks the structural inversion 
asymmetry and this leads to Rashba spin orbit coupling [24]. Spin-orbit Hamiltonian is influenced by the 
electron spin which comprises of the Dresselhaus interaction and Rashba interaction. For nanowire 
Dresselhaus spin–orbit Hamiltonian [23] is expressed as 
                                                        ܪ஽ଵ஽ ൌ െߚ൫൏ ݇௬ ൐ଶ െ൏ ݇௭ ൐ଶ൯݇௫  ߪ௫           (1)  
and for 2-D channel Dresselhaus spin–orbit Hamiltonian is given by, 
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For a nanowire Rashba spin orbit Hamiltonian is expressed as, 
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and for a 2-D channel Rashba spin –orbit Hamiltonian is expressed as, 
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The constants β and η depend on the material. η also depends on the external transverse electric field, the 
expression of η [25] is given below, 
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where Δ  is  the  spin orbit  splitting of  the  valence band,  e  is  the electronic charge, ݉כ is  the effective 
mass, ܧ௚is the band gap and  E is the transverse electric field. 
 
The temporal evolution of the spin vector during the free flight time is given by following equation [22, 26] 
                                                         ௗௌԦௗ௧ ൌ  ߗሬԦ ൈ Ԧܵ              (6) 
Precession vector (ߗሬԦ) consists of two components, one from the Dresselhaus interaction and other from the 
Rashba interaction and can be written as [22, 26], 
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Where ߚ௘௙௙ ൌ  ߚ൫൏ ݇௬ ൐ଶ െ൏ ݇௭ ൐ଶ൯ 
Using Eq. (7) and Eq. (8) in Eq. (1) and expressing spin vector as Ԧܵ ൌ   ܵ௫ሬሬሬሬԦଓ̂ ൅ ܵ௬ଔ̂ሬሬሬሬሬሬԦ ൅ ܵ௭ ෠݇ሬሬሬሬሬሬԦ, we get the 
following relations for each component of spin,   
                                                               ݀ܵ௫݀ݐ ൌ െ
2
԰  ߟ݇௫ܵ௓                                                                           ሺ9ሻ 
                                                                 ݀ܵ௬݀ݐ ൌ െ
2
԰ ߚ௘௙௙݇௫ܵ௓                                                                     ሺ10ሻ 
                                                                 ݀ܵ௭݀ݐ ൌ െ
2
԰ ݇௫ሺߟܵ௫ െ ߚ௘௙௙ܵ௬ሻ                                                      ሺ11ሻ 
 
The whole simulation time is divided into small time steps Δt and the spin components are updated after 
every Δt. Due to the presence of driving electric field and scattering processes, electron wave vector changes 
and produces a distribution of momentum states. These in turn cause distribution of spin states resulting in 
ensemble dephasing. This is the D’yakonov-Perel (DP) relaxation [27]. There is another type of dephasing 
mechanism, Elliott-Yafet (EY) [28] relaxation which causes instantaneous spin flip known as a spin-flip 
scattering. The spin relaxation time is given by, [29] 
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where ܧ௚ is the band gap, α =  Δ/ (ܧ௚ + Δ), where Δ  is  the spin orbit splitting and ߬௣ is the momentum 
relaxation time. A is a dimensionless constant and varies between 2 and 6. We have used A = 4. 
 
In III-V compounds the conduction band [30] is described by Г-valley along with L-valley and X-valley. L-
valley and X-valley possess higher energy than the Г-valley. We have only taken lowermost Г-valley in our 
simulation and assumed that other two are higher up in the energy level and hence depopulated. 
 
According to Conwell and Vassal [20], non- parabolicity approximation of the band is considered by 
following energy- wave vector relation: 
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Where α (non parabolicity parameter) is given by the following expression, 
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In our simulation ,the scattering rates for 1-D and 2-D channel considered are optical phonon 
scattering[31,32], acoustic phonon scattering[31,32], polar optical phonon scattering[32,33] and surface 
roughness scattering[31,34] . 
 
 
Results 
 
We have performed the semi classical Monte Carlo simulation described in previous section to simulate spin 
polarized electron transport in nanowires and along the 2-D channel made of III-V semiconductor materials. 
The nanowire consists of 5nm x 5nm cross section whereas 2-D channel consists of 5nm x 100nm cross-
section. The transverse effective field is taken to be 100kV/cm [15] which results in Rashba spin orbit 
coupling. In simulation four subbands [30] are taken in both channels. Moderate values of driving electric 
field, in range of 75V/cm-2kV/cm, are taken such that majority of electrons are confined to first four bands. 
The subbands’ energy levels are considered using infinite potential well approximations. Also the transverse 
dimension of the channel is considered to be very small (5nm) due to which higher subbands will have a 
very high energy level and thus can be considered as depopulated.  
The material parameters used for Monte Carlo simulation are given in the table 1 [35-41]. 
  
Parameter InAs GaSb GaAs GaP 
Effective mass 0.023mo 0.041mo 0.063 mo 0.09mo 
Bandgap (eV) at 300K 0.354 0.726 1.424 2.26 
Density (g/cm3) 5.68 5.61 5.32 4.14 
Speed of sound(cm/s) 3.8 x105 6.07x105 5.5x105 5.83x105 
Static dielectric constant (εs) 15.15 15.7 12.9 11.1 
acoustic phonon deformation potential (eV) 4.9 8.9 8.8 7.14 
Polar optical phonon energy (eV) 0.030 0.0297 0.035 0.051 
Spin Orbit Splitting (eV) 0.41 0.80 0.34 0.08 
 
Table.1. Material parameters used for simulation 
 
The simple theoretical formula [42] used for calculation of Lange –g factor is given by   
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where Eg is the energy band gap, ∆ is the spin-orbit splitting energy, and Ep is the energy equivalent of the 
principal interband momentum matrix element. Ep is always taken to be 22 eV. 
 
A step size of Δt=0.2 fs in time is selected and the simulation is run for 5 x 105 such time steps which allows 
the  electrons  to  achieve  steady  state.  Data are recorded for the final 30,000 steps only and ensemble 
average is calculated for each component of the spin vector for the last 30,000 steps at each point of the wire 
according to the following expression [24], 
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where i represents the x, y and z components, ݊௫ሺݔ, ݐሻ  is the total number of electrons in a grid of distance Δx around position x at time t, ݏ௡,௜ሺݐሻrepresents the value of the ith spin component of  the  nth electron  at  
time  t. Here  T  is  the  end  time  and  t1  is  the  time  at which we  start recording  the  data. The 
magnitude  of  the  average  spin  vector  is  then  calculated  using  the expression 
 
|൏ ܵ ൐ ሺݔ, ܶሻ| ൌ ට൏ ܵ௫ ൐ଶ൅൏ ܵ௬ ൐ଶ൅൏ ܵ௭ ൐ଶ 
 
Spin dephasing length is defined as the distance from the source (x=0, where the electrons are introduced) 
where |<S>| falls to 1/e times of its initial value at injection. The electrons are injected with an initial 
polarization of 1 and therefore the initial value of |<S>| is 1. 
 
 
 
 
Spin dephasing length at the room temperature (300K) and for driving electric field of 1kV/cm 
 
Figures 1-4 show the magnitude of ensemble averaged spin of various III-V compounds along nanowire and 
2-D channel at room temperature (300K) for driving electric field of 1kV/cm. Spin dephasing lengths for 
various III-V compounds along 1-D and 2-D channel are given in Table 2. 
 
III-V compound  1-D Channel  2-D Channel  
GaAs 26.56μm 1.592μm 
GaP 27.12μm 1.584μm 
GaSb 11.76μm 0.504μm 
InAs 10.40μm 0.392μm 
 
Table.2. Spin Dephasing lengths for various III-V compounds at 300K for driving electric field of 1kV/cm 
 
The spin dephasing length in nanowire is observed to be larger than that of 2-D channel. References [18, 43-
45] report similar results which show the improvement in spin dephasing length in 1-D channel over 2-D. 
The difference in length is due to the dominance of different spin dephasing mechanism in these channels. 
DP relaxation is suppressed in nanowire [43, 44]. Thus a nanowire has significantly lesser DP relaxation 
than a 2-D channel and causes larger dephasing lengths. The comprehensive justification of this effect is 
accounted for in reference [30].  Spin dephasing increases with the randomness of the motion of electron. In 
a 2-D channel, the electron motion arbitrarily occurs along two directions whereas in a nanowire it occurs 
only in one direction. 
 
         
 
(a)                                                                                             (b) 
 
Fig.1. Spin decay along a GaAs (a) nanowire (b) 2-D channel for injection polarization along the z-direction 
at 300K at driving electric field of 1kV/cm. 
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(a)                                                                                        (b) 
 
Fig.2. Spin decay along a GaP (a) nanowire (b) 2-D channel for injection polarization along the z-direction 
at 300K for a driving electric field of 1kV/cm. 
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Fig.3. Spin decay along a GaSb (a) nanowire (b) 2-D channel for injection polarization along the z-direction 
at 300K a for driving electric field of 1kV/cm 
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Fig.4. Spin Decay along a InAs (a) nanowire (b) 2-D channel for injection polarization along the z-direction 
at 300K for a driving electric field of 1kV/cm 
 
 
(a)                                                                            (b) 
 
Fig.5.Bar graph showing the comparison between spin dephasing lengths among various III-V 
semiconductors for (a) 1-D Channel (b) 2-D Channel.  
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Figure 5 (a) shows that for both 1-D and 2-D channels, GaAs and GaP have only a slight difference in their 
spin dephasing lengths. Similarly, GaSb and InAs also have comparable value of spin dephasing length. 
There is a large difference between the spin dephasing lengths of GaAs and InAs and between GaP and 
GaSb. This difference arises due to the difference in depolarization rates because of DP relaxation and EY 
mechanisms. The spin orbit coupling in GaSb and InAs is much larger than in GaAs and GaP. The value of 
Rashba coefficient  at  300K  and  at  the  transverse  electric  field  100kV/cm  from  equation (3)  for III-V 
material is given in Table 3. 
 
III-V compound GaAs GaP GaSb InAs 
Rashba 
Coefficient (η) 2.77×10
-32 0.67×10-32 63.51×10-32 240.83×10-32 
 
Table.3. Rashba Coefficient at 300K at the transverse electric field of 100kV 
 
Thus the Rashba spin orbit interaction is stronger in GaSb and InAs. This leads to stronger DP relaxation 
and thus faster dephasing in them as compared to GaAs and GaP. Also InAs and GaSb are narrow gap 
semiconductors with very high spin orbit coupling (Table 1) whereas GaAs and GaP are wide bandgap 
semiconductor with weak spin orbit coupling (Table.1). Therefore the Elliott Yafet spin relaxation 
mechanism is strongly dominant which results in faster depolarization in InAs and GaSb. Thus the spin 
dephasing lengths are longer in GaAs and GaP compared to GaSb and InAs.  
 
Effect of applied electric field 
 
Figures 6-9 show the variation of spin dephasing length with driving electric field. As seen from the figures, 
spin dephasing length is weakly dependent on electric field showing nonmonotonic behavior because of two 
opposing features: scattering rates and ensemble average drift velocity.  
 
When drift velocity is prevailing over the scattering rates, the spin penetrates further into the channel 
resulting in larger spin relaxation lengths. However, when scattering rates dominate drift velocity, they 
dephase the spin faster. The overall effect is determined by the dominating effect from amongst the 
scattering rate and drift velocity. 
 
At higher electric field, spin dephasing length increases for both 1-D and 2-D channels with increase in 
driving electric field. Since in our model, we have considered four subbands for which the scattering rates 
saturate at higher field value. It remains almost constant and doesn’t rise after a certain value of electric 
field. Values of electric field are chosen such that drift velocity doesn’t get saturated. Thus in high electric 
field region, drift velocity dominates over scattering rates. This results in increased spin dephasing length. 
      
(a)                                                                                     (b) 
Fig.6. Variation of spin dephasing length with driving electric field for GaAs (a) nanowire (b) 2-D channel  
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Fig.7. Variation of spin dephasing length with driving electric field for GaP (a)  nanowire  (b) 2-D channel 
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Fig.8. Variation of spin dephasing length with driving electric field for GaSb (a) nanowire  (b) 2-D channel  
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Fig.9. Variation of spin dephasing length with driving electric field for a InAs (a) nanowire (b) 2-D channel  
 
Effect of temperature  
 
Figures 10-13 show the variation of Spin dephasing length with temperature. It is inferred from the graphs 
that when temperature is increasing the spin dephasing length is decreasing.  
Increasing temperature leads to increase in acoustic phonon scattering for both 1-D and 2-D channel which 
causes randomization of k and ߗ′ݏ [26]. This leads to faster dephasing, thus the dephasing length decreases 
with increase in temperature. Temperature dependence can be clearly seen from the expression of scattering 
rate for 1-D channel [31] 
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where E௔௖ is the acoustic deformation potential, ߩ is the crystal density, v is the sound velocity and  is the 
Heaviside step-function. Dnm is the overlap integral [31] associated with the electron-phonon interaction and 
that of 2-D channel [32] 
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where Di is the acoustic deformation potential in the ith valley, ρ is the density of the material, sl  is the sound 
velocity in the material and u(x) is the step function. Fi,m(z) is the electron wavefunction of the mth subband 
in valley i. εi,m(k) is the energy of the electron in the mth subband of the ith valley with the wavevector k. 
εi,n(0) is the nth subband energy level in the ith valley. 
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Fig.10. Variation of spin dephasing length with temperature for GaAs (a) nanowire  (b) 2-D channel 
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Fig.11. Variation of spin dephasing length with temperature for GaP (a) nanowire (b) 2-D channel 
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Fig.12. Variation of spin dephasing length with temperature for GaSb (a) nanowire (b) 2-D channel 
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Fig.13. Variation of spin dephasing length with temperature for InAs (a) nanowire (b) 2-D channel 
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Conclusion  
 
We have investigated the spin transport properties of III-V semiconductors for 1-D and 2-D channel. 
Simulation is performed for GaAs, GaP, GaSb and InAs to compare their spin properties for 1-D and 2-D 
channel. We have also analyzed the variation of spin dephasing length with driving electric field and 
temperature. The pairs of materials, namely, (GaAs, GaP) and (GaSb, InAs) have approximately same 
dephasing length where as large difference of length is observed among these two pairs of materials. With 
increase in temperature, the spin dephasing length decreases which means the device can perform better at 
lower temperature. At higher driving electric field, spin dephasing length increases with increase in driving 
electric field whereas at lower values of driving electric field the dependence is nonmonotonic. 
 
References 
 
[1] S. Bandyopadhyay and M. Cahay, Introduction to Spintronics (CRC, Boca Raton, 2008). 
[2] I. Zutic, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76, 323 (2004). 
[3] M. W. Wu, J. H. Jiang, and M. Q. Weng, Physics Reports 493, 61 (2010). 
[4] J. Fabian, A. Matos-Abiague, C. Ertler, P. Stano, and I. Zutic, Acta Physica Slovaca 57, 
565 (2007). 
[5] “Materials and structures for semiconductor spintronics“, Journal of optoelectronics and advanced 
materials Vol. 8, No. 2, April 2006, p. 425 – 438 
[6] J. C. Egues, G. Burkard, D. Loss, “Datta-Das transistor with enhanced spin control,” Appl. Phys. Lett., 
vol. 82, pp. 2658–2660, 2003 
[7] J. Schliemann, J.C. Egues, D. Loss, Nonballistic spin-field-effect transistor, Phys. Rev. Lett. 90 (2003) 
1–4, article 146801. 
[8] M. E. Flatte, G. Vignale, “Unipolar spin diodes and transistors,” Appl Phys. Lett., vol. 78, pp. 1273–
1275, 2001. 
[9] T. Koga, J.andH. Takayanagi, Spin-filter device based on the Rashba effect using a nonmagnetic 
resonant tunneling diode,Phys. Rev. Lett. 88 (2002) 1–4, article 126601. 
[10] C. Ciuti, J.P. McGuire, L.J. Sham, Spin dependent properties of a two dimensional electron gas with 
ferromagnetic gates,Appl. Phys. Lett. 81 (2002) 4781–4783. 
[11] S. Datta, B. Das, Electronic analog of the electro-optic modulator, Appl. Phys. Lett. 56 (1990) 665–667. 
[12] J. M. Kikkawa and D. D. Awschalom, Phys. Rev. Lett. 80, 4313 (1998) 
[13] J. Fabian and S. Das Sarma, Journal of Vacuum Science and Technology B 17, 1708 (1999). 
[14] M. W. Wu, J. H. Jiang, and M. Q. Weng, Physics Reports 493, 61 (2010) 
[15] A.Kamra, B.Ghosh and T.K.Ghosh,Spin relaxation due to electron-electron magnetic interaction  in 
high Lande g-factor semiconductors, J. Appl. Phys. 108, 054505 (2010) 
[16] D. Hȁgele, M. Oestreich, W. W. Rȕhle, N. Nestle and K. Eberl, Spin transport in GaAs, Appl.  Phys. 
Lett. 73,11(1998) 
[17] L.Kong, G.Du, Y.Wang, J.Kang,R. Han, X. Liu, Simulation of Spin-polarized Transport in 
GaAs/GaAIAs Quantum Well Considering Intersubband Scattering by the Monte Carlo Method, 
International Conference on Simulation of Semiconductor Processes and Devices, 2005 , pp.no.175-178, 
(2005) 
[18] Pramanik, S., Bandyopadhyay, S., Cahay, M., Third IEEE Conference on Nanotechnology, spin 
transport in nanowire ,pp.no.87-90 vol.2 (2003) 
[19] M. Shen, S. Saikin, M.C. Cheng, V. Privman, Mathematics and Computers in Simulation, 65, 351  
(2004) 
[20] C. Jacoboni and L. Reggiani, Rev. Mod. Phys. 55, 645 (1983) 
[21] C. Jacoboni and P. Lugli, The Monte Carlo Method for Semiconductor Device Simulation 
(SpringerVerlag, Wien, 1989) 
[22] A.Kumar, B.Ghosh Spin dephasing in III-V nanowires arXiv:1106.4618v1 [cond-mat.mes-hall] 
[23] G. Dresselhaus, Phys. Rev. 100, 580 (1955) 
[24] E. I. Rashba, Sov. Phys. Semicond. 2, 1109(1960) 
[25] E. A. de Andrada e Silva, G. C. La Rocca, and F. Bassani, Phys. Rev. B 50, 8523–8533 (1994) 
[26] S.Pramanik, S. Bandyopadhyay, M. Cahay,Phys. Rev. B, 68, 075313(2003) 
[27] M. I. D’yakonov and V. I. Perel, Sov. Phys. Solid State 13, 3023 (1972)  
[28] J. Elliott, Phys. Rev. 96, 266 (1954)  
[29] Pil Hun Song and K. W. Kim, Phys. Rev. B 66, 035207 (2002)   
[30] A.Kumar and B.Ghosh,  arxiv:1105.0173v1 [cond-mat.mes-hall]  (2011) 
[31] Ramayya, E. B., Vasileska, D., Goodnick, S. M. & Knezevic, I., J. Appl. Phys. 104, 063711 (2008) 
[32] H. Tanimoto, N. Yasuda, K. Taniguchi, and C. Hamaguchi, Japan. J. Appl. Phys., vol. 27, p. 563, 
(1988) 
[33] Borzdov, A. V.; Pozdnyakov, D. V.; Borzdov, V. M.; Orlikovsky, A. A.; V’yurkov, V. V., Russian 
Microelectronics 39: 411-417 (2010)  
[34] V. M. Polyakova and F. Schwierz, J. Appl. Phys. 101, 033703(2007) 
[35] H. Arabshahi , “Calculation of Electron Hall Mobility in GaSb , GaAs and GaN Using an Iterative 
Method” African Physical Review (2008) 2:0015.   
[36] Levinshtein M.E., S.L. Rumyantsev Handbook Series on Semiconductor Parameters, vol.1, 
M. Levinshtein, S. Rumyantsev and M. Shur, ed., World Scientific, London, 1996, pp. 77-103. 
[37] Dargys A. and J. Kundrotas Handbook on Physical Properties of Ge, Si, GaAs and InP, Vilnius, 
Science and Encyclopedia Publishers, 1994 
[38] M.P. Mikhailova  Handbook Series on Semiconductor Parameters, vol.1, M. Levinshtein, 
S. Rumyantsev and M. Shur, ed., World Scientific, London, 1996, pp. 147-168. 
[39] Goldbery Yu.A. Handbook Series on Semiconductor Parameters, vol.1, M. Levinshtein, S. Rumyantsev 
and M. Shur, ed., World Scientific, London, 1996, pp. 104-124. 
[40] Vul' A.Ya. Handbook Series on Semiconductor Parameters, vol.1, M. Levinshtein, S. Rumyantsev and 
M. Shur, ed., World Scientific, London, 1996, pp. 125-146. 
[41] M. A. ALZAMIL , Electron Mobility Calculations of n-InAs , Digest Journal of  Nanomaterials and 
Biostructures , Vol. 6, No 2, April - June 2011, p. 725 - 729 
[42] Hideo Kosaka, Andrey A. Kiselev, Filipp A. Baron, Ki Wook Kim and Eli Yablonovitch1 “Electron g-
factor Engineering in III-V Semiconductors for Quantum Communications” arXiv:quant-ph/0102056v2  22 
Feb 2001 
[43] A. Bournel, P. Dollfus, P. Bruno, P. Hesto, Spin polarized transport in 1D and 2D semiconductor  
heterostructures, Materials Science Forum (vol. 297 - 298), pp.no.205-212 (1999) 
[44] S.Pramanik, S.Bandyopadhyay and M.Cahay, Decay of spin-polarized hot carrier current in a quasi-one 
dimensional spin-valve structure, Appl. Phys. Lett., 84, 266 (2006) 
[45] Yoji Kunihashi,  Makoto Kohda, and  Junsaku Nitta, Enhancement of Spin Lifetime in Gate-Fitted 
InGaAs Narrow Wires, Phys. Rev. Lett. 102, 226601 (2009) 
